Abstract Hyperactive inflammatory responses following cancer initiation have led to cancer being described as a 'wound that never heals'. These inflammatory responses elicit signals via NFκB leading to IL-6 production, and IL-6 in turn has been shown to induce epithelial to mesenchymal transition in breast cancer cells in vitro, implicating a role for this cytokine in cancer cell invasion. We previously have shown that conditioned medium derived from cancerassociated fibroblasts induced an Epithelial to Mesenchymal transition (EMT) in PMC42-LA breast cancer cells and we have now identify IL-6 as present in this medium. We further show that IL-6 is expressed approximately 100 fold higher in a cancer-associated fibroblast line compared to normal fibroblasts. Comparison of mouse-specific (stroma) and human-specific (tumor) IL-6 mRNA expression from MCF-7, MDA MB 468 and MDA MB 231 xenografts also indicated the stroma rather than tumor as a significantly higher source of IL-6 expression. Mast cells (MCs) feature in inflammatory cancer-associated stroma, and activated MCs secrete IL-6. We observed a higher MC index (average number of mast cells per xenograft section/average tumor size) in MDA MB 468 compared to MDA MB 231 xenografts, where all MC were observed to be active (degranulating). This higher MC index correlated with greater mouse-specific IL-6 expression in the MDA MB 468 xenografts, implicating MC as an important source of stromal IL-6. Furthermore, immunohistochemistry on these xenografts for pSTAT3, which lies downstream of the IL-6 receptor indicated frequent correlations between pSTAT3 and mast cell positive cells. Analysis of publically available databases for IL-6 expression in patient tissue revealed higher IL-6 in laser capture microdissected stroma compared to adjacent tissue epithelium from patients with inflammatory breast cancer (IBC) and invasive non-inflammatory breast cancer (non-IBC) and we show that IL-6 expression was significantly higher in Basal versus Luminal molecular/phenotypic Microenvironment (2012) 5:83-93 DOI 10.1007 groupings of breast cancer cell lines. Finally, we discuss how afferent and efferent IL-6 pathways may participate in a positive feedback cycle to dictate tumor progression.
Abstract Hyperactive inflammatory responses following cancer initiation have led to cancer being described as a 'wound that never heals'. These inflammatory responses elicit signals via NFκB leading to IL-6 production, and IL-6 in turn has been shown to induce epithelial to mesenchymal transition in breast cancer cells in vitro, implicating a role for this cytokine in cancer cell invasion. We previously have shown that conditioned medium derived from cancerassociated fibroblasts induced an Epithelial to Mesenchymal transition (EMT) in PMC42-LA breast cancer cells and we have now identify IL-6 as present in this medium. We further show that IL-6 is expressed approximately 100 fold higher in a cancer-associated fibroblast line compared to normal fibroblasts. Comparison of mouse-specific (stroma) and human-specific (tumor) IL-6 mRNA expression from MCF-7, MDA MB 468 and MDA MB 231 xenografts also indicated the stroma rather than tumor as a significantly higher source of IL-6 expression. Mast cells (MCs) feature in inflammatory cancer-associated stroma, and activated MCs secrete IL-6. We observed a higher MC index (average number of mast cells per xenograft section/average tumor size) in MDA MB 468 compared to MDA MB 231 xenografts, where all MC were observed to be active (degranulating). This higher MC index correlated with greater mouse-specific IL-6 expression in the MDA MB 468 xenografts, implicating MC as an important source of stromal IL-6. Furthermore, immunohistochemistry on these xenografts for pSTAT3, which lies downstream of the IL-6 receptor indicated frequent correlations between pSTAT3 and mast cell positive cells. Analysis of publically available databases for IL-6 expression in patient tissue revealed higher IL-6 in laser capture microdissected stroma compared to adjacent tissue epithelium from patients with inflammatory breast cancer (IBC) and invasive non-inflammatory breast cancer (non-IBC) and we show that IL-6 expression was significantly higher in Basal versus Luminal molecular/phenotypic Introduction Chronic irritation, which typically elicits a perpetual inflammatory response resulting in fibrosis, has been associated with cancer causation. This generic response to tissue damage, as exemplified in renal fibrosis in response to urinary tract obstruction, involves the induction of tumor necrosis factor alpha (TNFα) and interleukin-1 (IL-1) which in turn induce NFκB, the master regulator of inflammatory responses (reviewed in [1] ). At this key inflammatoryneoplastic interface, NFκB recruits several cytokines (such as IL-6), which further recruit inflammatory cells such as tumor-associated macrophages (TAMs), tumor-associated mast cells (TAMCs) and cancer-associated fibroblasts (CAFs). These, in turn, produce more NFκB and HIFlα and release more cytokines creating a microenvironment conducive for tumor growth [2] . NFκB also transcriptionally upregulates potent epithelial to mesenchymal transition (EMT) inducers such as Snail1 and Zeb1 [3, 4] and given the central role EMT plays in tumor metastasis (reviewed in [5] ), NFκB could be thought of as a bridge connecting the inflammatory response, tumor growth and tumor metastasis.
Cancer-subversion of inflammatory responses has been implicated in several states of irritation, including Helicobacter pylori-mediated gastric ulcers (stomach cancer), Barrett's esophagus (esophageal cancer), obesity-related hepatic inflammation (liver cancer), and Crohn's disease (colon cancer), all of which feature detrimental inflammatory responses involving IL-6 [6] [7] [8] [9] . Hyperactive inflammatory responses following cancer initiation is also a significant issue, and cancer has been described as a 'wound that never heals' [10] .
IL-6 belongs to a family of cytokines which signal via a gp130 receptor-JAK-STAT3 pathway. Other family members which share this pathway of activation include interleukin 11 (IL-11), leukaemia inhibitory factor (LIF), Oncostatin M (OSM), ciliary neurotrophic factor (CNTF), cardiotrophin-1 (CT-1) and cardiotrophin-like cytokine (CLC) [11, 12] . Due to its production and secretion by infiltrating inflammatory cells, IL-6 plays a central role in the progression of immune-related cancers such as B lymphomas, diffuse large-cell lymphoma and multiple myeloma (reviewed in [13] ). It is less well known, however, that IL-6 is expressed in keratinocytes and endothelial and dermal dendritic cells of the skin, and is upregulated in psoriasis [14] .
In order to gain a clearer understanding of the role of IL-6 in the tumor microenvironment, we sought to investigate the expression of IL-6 in various sources of cancer-associated stroma. We also investigated the occurrence of a lesserknown IL-6 stromal contributor, the mast cell, in human breast cancer cell xenografts, and finally compared these findings with IL-6 expression from publicly available microarray datasets of human breast cancer cell lines and human breast tumors.
Materials and Methods

Collection of Conditioned Media and ChemiArray
This was used as described in the ChemiArray Human Antibody Array kit (Millipore, Billerica, Massachusetts, USA) protocol. Briefly, membranes were blocked for 30 mins at RT, following incubation with conditioned medium from NMFs and CAFs overnight at 2-8°C. Arrays were washed and incubated with Biotin-conjugated anticytokine primary antibody for 2 h at RT. Arrays were washed and incubated with HRP-conjugated Streptavidin for 2 h at RT, following which membranes were washed and detection buffers added prior to exposing arrays using a LAS-3000 Fuji Film intelligent dark box (Fuji Photo Film Co., Ltd., Tokyo, Japan). The illuminated arrays were detected and the image captured using Image Reader LAS-3000 software, and relative dot densities determined with the Multi-Gauge V2.3 program (both programs from Fuji Photo Film Co., Ltd., Tokyo, Japan). Conditioned medium was collected as described previously [15] .
Cell lines and Mammary Fibroblasts
Primary human normal mammary fibroblasts (NMF) and breast cancer-associated fibroblasts (CAF) were previously described [15, 16] Quantitative Real-time PCR All RNA preparations were extracted and purified via column chromatography (RNeasy kit, Qiagen, Doncaster, Victoria, Australia) as recommended by the manufacturer. The concentration and purity of RNAs was determined using spectrophotometry (Nanodrop ND-1000 spectrophotometer, Thermo Fisher Scientific, Scoresby, Victoria, Australia). 100 ng of RNA was subjected to cDNA synthesis with genespecific priming using thermoscript II reverse transcriptase (Invitrogen Australia Pty Limited, Mulgrave, Victoria, Australia) according to manufacturer's instructions, using 10nM dNTPs and the RNA degradation inhibitor RNAsin (Promega, Alexandria, New South Wales, Australia). Quantitative determination of RNA levels of various genes was performed in triplicate using SYBR green (Applied Biosystems, Mulgrave, Victoria, Australia). The following pairs of primers (sense/ antisense) were used (synthesized by Geneworks, Hindmarsh, South Australia, Australia): Human specific L32 (housekeeping gene), 5′-CAGGGTTCGTAGAAGATTCAAGGG -3′/5′-GATCGCTCACAATGTTTCCTCCAAG -3′; with the reverse primer used as the RT primer in gene-specific priming (cDNA synthesis); human specific IL-6: 5′-CTCACCTCTT CAGAACGAATTGACAAACAA A-3′/5′-GGTACTC TAGGTATACCTCA AACTCCAAAA -3′ with RT primer CTGGCTTGTTCCTCACTACTCTCAAA; mouse specific L32, 5′-GATCCTGATGCCCAACATCGGTTACA-3′/5′-GCACCTCCGGCTCCTTGATA-3′ with reverse primer used as RT primer; mouse specific IL-6: 5′-GGACCAAGAC CATCCAATTC ATCTTGAAA-3′/5′-GACCACAGTGAGG AATGTCCACAAA-3′ with RT primer CCCAACATTC ATATTGTCAGTTCTTCGTAGA. RT-PCR and data collection were performed on an Applied Biosystems 5700 or 7300 analyser (Applied Biosystems, Mulgrave, Victoria, Australia). All quantitations were normalized to expression of mRNA for the human ribosomal protein L32.
Generation of Human Breast Cancer Cell Line Xenografts
Tumour xenografts of the MCF-7, MDA MB 468 and MDA MB 231 cell lines were produced into 6 week old mice as described previously [17] . These xenografts were part of studies approved by the St. Vincent's Hospital Animal Ethics Committee.
Quantification of Mast Cells in Xenograft Sections and Immunostaining for STAT3 and p-STAT3
Mammary fat pad tumors excised from euthanized mice were fixed in 10% neutral buffered formalin (Fisher Scientific, Scoresby, Victoria, Australia) and embedded in paraffin. 5 μM thick sections were cut, deparaffinized and stained with toluidine blue for 2 min (5 ml of a 1% w/v toluidine blue [Sigma-Aldrich Pty. Ltd., Castle Hill, New South Wales, Australia] in 70% ethanol solution mixed with 45 ml 1% sodium chloride immediately prior to use). Slides were rinsed in distilled water, dehydrated in ethanol, cleared in xylene and mounted. Average mast cell numbers were determined from single toluidine blue stained sections of MDA MB 468 (n05) and MDA MB 231 (n05) xenografts and then divided by the average tumor size in mm to give the mast cell index (MCI). Cut and deparaffinized sections were immunostained for STAT3, p-STAT3 and a rabbit IgG isotype control. Both STAT3 primary antibodies were purchased from Cell Signaling Technology (#4904 and #9131, diluted 1:100) and the isotype control from DAKO (X0903) and incubated overnight at 4°. Sections were then incubated at room temperature for 1 h in an anti-rabbit biotinylated secondary antibody (DAKO, E0431, diluted 1:200) and then incubated for 30 min with HRP-conjugated streptavidin (DAKO, P0397, diluted 1:400). 3,3-Diaminobenzidine was used as chromogen.
Statistical Analyses of IL-6 Expression Data
Statistical analyses for human versus mouse IL-6 expression and mast cell indices were performed using GraphPad Prism (GraphPad Software, California, USA). Statistical analyses of human breast cancer and human breast cancer cell line datasets were performed using Partek Incorporated Next Generation Sequencing and Microarray Software, St Louis, Missouri, USA.
Results and Discussion
Cancer-associated Fibroblasts as a Potential Source of IL-6 within the Tumor Microenvironment
If cancer is the 'wound that never heals' then cancer-associated stroma can be considered the scar. This is as far as the analogy goes, because far from being the end-state non-functional bridging tissue which forms across skin wounds, cancerassociated stroma secretes a plethora of factors such as IL-6 which promote the growth and invasion of the underlying tumor (reviewed in [18] ). Increased concentration (>4 pg/ml) of IL-6 in the serum of breast cancer patients is an indicator of overall poor prognosis, predicting liver metastases and pleural effusion, and lack of response to chemo-endocrine therapy [19] [20] [21] . IL-6 serum levels were increased in 27% of breast cancer patients [22] and a correlation in breast cancer patients between highly elevated IL-6 serum levels and tumor progression has been reported [23] . IL-6 induced significant migration of MDA-MB-231 human breast carcinoma cells, but not of MCF-7 or T-47D breast carcinoma cell lines [24] , suggesting that it could potentiate the invasive phenotype. This work led to the key discovery by Sullivan and colleagues that IL-6 could induce EMT in ER alpha positive MCF-7 breast cancer cell lines cultured in three-dimensions (3D) [25] . In this study, transient expression of IL-6 dramatically reduced E-cadherin protein by 24 h, and constitutive expression of IL-6 led to an EMT in which Snail, Twist, vimentin and N-cadherin were induced, along with the development of more invasive tumors in mice. Conversely, Twist overexpression in MCF-7 caused an EMT along with high IL-6 expression and STAT3 activation [25] . This finding illustrated that not only could IL-6 induce an EMT, but EMT itself could result in production of IL-6. Thus, the work by Sullivan and colleagues implicates IL-6 not just as a primary inducer of EMT, but a link in a chain of EMT signals within the tumor microenvironment resulting in stabilization of the invasive cellular state. Possibly other EMT driving factors which act in a similar way to Twist, such as the E-cadherin repressors Snail1 and Snail2 (reviewed in [26] ), may also promote IL-6 expression when overexpressed in luminal breast cancer cells. The intertwining of IL-6 and EMT, and the essential role that EMT plays in cancer invasion (reviewed in [27] ) can partially explain the functional significance of increases in IL-6 within the cancer microenvironment.
We have previously examined EMT-effects of CAF versus NMF conditioned medium on the epithelial breast cancer cell line PMC42-LA. We found that CAF-conditioned medium induced myoepithelial molecular markers and increased the migratory ability of the epithelial breast cancer cell line PMC42-LA in a 3D organoid model [15, 16] . We used the chemiarray system to examine specific soluble factor(s) in CAF-conditioned media that may be induce this EMT. A key component which we found to be present at higher amounts in the CAF-conditioned medium compared to the NMF-conditioned medium, was IL-6 (Fig. 1a) . Interestingly, we observed that the CAFs expressed IL-6 mRNA to a level approximately 100 times that of the average IL-6 mRNA expression of the NMFs (Fig. 1b) , whereas the protein level differences were only 2-3 fold (Fig. 1a) . Additional mRNA translation controls are known for IL-6, via CPEB [28] and fungal allergens [29] . Thus the observed discrepancy between mRNA and protein levels could be explained by posttranslational mechanisms being rate-limiting.
Several experiments involving the application of recombinant IL-6 (in serum or serum-depleted medium) to PMC42-LA cells have so far failed to consistently reproduce the EMT effects we observed in PMC42-LA exposed to CAF conditioned medium. It is possible that IL-6 requires an additional, unidentified cofactor for its full activity, a cofactor which was present in the CAF conditioned medium, however IL-6 depletion experiments were not possible due to loss of the CAF line. Interestingly, similar observations have been made by others studying the growth of myeloma cells which grow well with IL-6 in vitro however tumor growth in vivo has been shown to require additional unknown cofactors [30] .
Analysis of Species Specific IL-6 Expression in Xenografts
To further examine the expression of IL-6 in the stroma versus tumor in a breast cancer setting, we took advantage of the species-specificity inherent in xenografts. Speciesspecific qRT-PCR for human and murine IL-6 mRNA expression in MCF-7 (n02), MDA MB 468 (n06) and MDA MB 231 (n 05) xenografts (Fig. 2a) revealed that IL-6 mRNA was more highly expressed in the stroma (mouse IL-6) compared to the tumor (human IL-6) in MDA MB 231 and MDA MB 468 xenografts (p<0.05). MDA MB 468 xenografts contained more mouse IL-6 mRNA than MDA MB 231 determined by Tukey post tests.
Mast cells as a Potential Source of IL-6 within the Tumor Microenvironment
Mast cells are an important component of the infiltrating cell population in the inflammatory response. Their contribution to tumor growth and the prognostic significance of the presence of mast cells in the stroma adjacent to tumors is controversial [31] . On the one hand, they have been shown to correlate with low tumor grade and ER positivity in breast cancer [32] and to identify a subset of invasive cancers with a favorable prognosis [33] . Degranulating mast cell heparin has also been implicated in a fibroblast-dependent negative effect on tumor growth [34] . On the other hand, it is becoming increasingly evident that mast cells contribute to tumor growth through their positive effects on tumor blood vessel development, extracellular matrix remodelling (as a subversion to ECM remodelling in wound healing) and ability to modulate immune responses (reviewed in [35] ). In addition, activated mast cells release IL-6 (reviewed in [31, 36, 37] ), which could contribute to breast tumor invasiveness [25] .
It has been shown that fibroblasts can mediate IL-6 dependent effects on mast cells [38] . In a model in which bone marrow derived mast cells were cultured on a NIH3T3 fibroblast monolayer, IL-6 family cytokines (Il-6, IL-11, OSM and LIF) were demonstrated to induce proliferation of mast cells, but only when the fibroblasts were present. This effect was pinpointed to the expression of stem cell factor, a well-characterized mast cell growth factor, and provides a mechanism of mast cell hyperplasia in inflammatory skin diseases. IL-6 in the bronchi can mediate inflammatory pathways by enabling class switching of B cells into IgE-producing plasma cells. Similar to the Gyotoku model [38] , normal human lung fibroblasts were cocultured with human mast cells. The fibroblasts were stimulated to produce IL-6 whereas if these cell populations were separated this production was inhibited [39] . Although these studies were not performed in the context of cancer, they indicate a mutual activation pathway between mast cells and fibroblasts involving bidirectional IL-6, which may also occur in the tumor microenvirnomental setting.
Since active, degranulating mast cells secrete IL-6 (reviewed in [31, 36, 37] ) and IL-6 is important for mast cell development [40] , and given the potential role of mast cells in the tumor stroma, we went back to our xenograft models to examine whether mast cells were present.
The xenograft models were based in nude mice, which are known to be partially immuno-deficient. Despite this, we were able to identify and count mast cells in sections of the tumor/ stroma from each xenograft. The number of degranulating mast cells (as indicated in purple with toluidine blue) in MDA MB 468 versus MDA MB 231 xenografts was determined and this was expressed proportional to tumor size in mm (mast cell index, Fig. 2b, i) . As only 2 MCF-7 xenografts were available for analysis, we excluded this line for comparison.
We found a significantly higher mast cell index (average number of mast cells per xenograft section/average tumor size) in each of the MDA MB 468 xenografts than in the MDA MB 231 xenografts (Fig. 2b, i) . We observed that all of the mast cells were degranulating (active) and were located almost exclusively at the tumor-stroma interface or at the tumor periphery at the interface with healthy tissue and near blood vessels, as found in other rodent models and human cancers [32-34, 41, 42] ). We also observed a large number of mast cells (as indicated by toluidine blue and ckit staining) at the tumor-stroma interface in a small study of 11 human primary breast tumors (data not shown). In the MDA MB 231 xenografts, we observed rare occurrences of mast cells that had migrated deeper into the tumor. Taken together, the locality of the mast cells implicates them in either influencing the tumor stroma and/or the growth of the tumor itself, either in a positive or negative manner.
The tumor-associated stroma backed closely onto the epidermis of mouse underbelly (given these were palpable A B Fig. 1 a Results of a ChemiArray Human Antibody Array (Millipore, Billerica, Massachusetts, USA) in which IL-6 was identified from the conditioned medium of NMFs or CAFs. The array was performed twice, data shown is representative of these runs. Black circles indicate controls, red circles identify IL-6 protein; b IL-6 is expressed approximately 100 fold higher in a CAF line (NR1) compared to NMFs (HuFb, B6 RA1H, F127H). QRT-PCR was performed in quadruplicate for each cell line in one experiment, error bars represent the standard deviation of the mean of quadruplicate data tumors arising from mammary fat pad injection). MDA MB 468 tumors were larger and hence contained a longer epidermal-stromal capsule. Given that mast cells are commonly found in skin especially when it is inflamed [43] this could have contributed to mast cell number.
Since IL-6 is secreted by activated mast cells, it is possible that the higher number of mast cells, almost exclusively found in the stroma, in the MDA MB 468 xenograft sections contributed to the greater stromal (mouse) expression of IL-6, given that the source of RNA for this qRT-PCR was derived from each of the xenografts that were examined for mast cells number. Indeed, when we compared the mast cell index to mouse (stromal) IL-6 expression and expressed each of these measurements as a fold change to MDA MB 231 (Fig. 2b, ii) , we observed that the fold increase in mast cell number and IL-6 expression (for MDA MB 468) were similar, consistent with the idea that the mast cells contributed to stromal IL-6 expression.
To further examine this potential association, we performed immunohistochemistry for STAT3 and p-STAT3, given that the phosphorylation of STAT3 is a direct consequence of IL-6 receptor activation by ligand. Indeed, as shown in Fig. 3 , we frequently observed that the mast cells identified by toluidine blue localized with cells which stained for p-STAT3, lending further support to our hypothesis that mast cells are a source of
MDA MB 231 TB Fig. 3 Immunohistochemistry of representative xenografts stained with toluidine blue for mast cells (mast cells stain purple), p-STAT3 as a surrogate marker for IL-6 signaling, pan STAT3, and rabbit IgG as a negative control for both STAT3 antibodies. Scale bar0200 μm; boxed area is enlarged; TB toluidine blue. Arrows indicate positively stained cells Fig. 2 a IL-6 QRT-PCR expression in stroma (mouse-specific pri- stromal IL-6 expression. The influence of mast cells on stromal IL-6 expression is depicted schematically in Fig. 5 .
Analysis of Publically Available Databases on IL-6 Expression
Examination of IL-6 expression from dataset GSE5847 (from GEO database) [44] revealed that IL-6 was higher in laser capture microdissected stroma compared to adjacent tissue epithelium from patients with inflammatory breast cancer (IBC) and invasive non-inflammatory breast cancer (non-IBC) (Fig. 4a) . Conversely, as shown in Fig. 4b , the examination of IL-6 expression across publically available datasets of breast cancer cell lines revealed that Mesenchymal (alternative name for the same subgroup which has enhanced invasive properties, [45] ) versus Luminal (less invasive, with epithelial characteristics) molecular/phenotypic subgroup was significantly higher for IL-6 mRNA as determined by ANOVA statistical test with the Bonferroni post hoc test applied. Fig. 4 IL-6 expression was analyzed in publicly available microarray datasets. a Laser capture microdissected stroma and adjacent tissue epithelium, dataset [44] . Original .CEL files were RMA normalized and the log2 expression calculated for the probeset ID corresponding to IL-6. IL-6 mRNA expression (log 2 ) was higher in laser capture microdissected stroma compared to adjacent tissue epithelium from patients with IBC and invasive non-IBC combined (p00.0002), as determined by ANOVA statistical test using Partek Genomics Suite (v6.5). b IL-6 mRNA expression (log 2 ) was significantly higher in Mesenchymal versus Luminal gene cluster subgroups (p<0.0001) within the breast cancer cell line datasets as determined by ANOVA statistical test with Bonferroni post hoc test applied. Abbreviations, M Mesenchymal, NA not assigned, IBC invasive BC Each study was normalized and analysed independently of the other datasets, thus the increased expression value of mesenchymal cell lines was not due to batch effects.
A B
Taken together these two expression datasets support both an afferent (Fig. 4a , stroma-tumor) and efferent (Fig. 4b, tumor-stroma) pathways of IL-6 microenvironmental influence.
After a comprehensive search, we did not find any databases for tissue/protein based arrays probing for IL-6 protein that examined breast tissue/stroma/cell lines. However a forty-fold higher level of IL-6 protein in the basal B breast cancer cell line MDA MB 231 versus the luminal line MCF-7 has been demonstrated by Elisa assay [46] . These authors built upon this finding, going on to show that the IL-6 promoter is demethylated when p53 is inactivated and that IL-6 induces an epigenetic re-programming resulting in a basal-like/stem cell-like gene expression profile.
We are aware that our interpretations of the IL-6 expression database analyses, regarding afferent and efferent IL-6 microenvironmental effects (also indicated in Fig. 5 ), is based on the assumption that a direct, causal link exists between IL-6 mRNA and protein secretion. Despite the differences we observed between these indices in Fig. 1 , we are confident that this conclusion may be drawn given the p-STAT3 immunohistochemisty presented in Fig. 3 . In this figure we show that it is the mast cells which express p-STAT3, and given we have presented an association with mast cells and increased stromal IL-6 (Fig. 2) , we therefore demonstrate a link between IL-6 protein and IL-6 expression. This direct link is further supported by reports in the literature [47, 48] .
Conclusions
Secretion of IL-6 into the tumor microenvironment can trigger a perpetual cycle stimulating growth and invasion of tumor, mast cells and myofibroblasts (Fig. 5) . Triggering of an immune response, as an initiating factor in carcinogenesis of irritation-related cancers, or as a secondary response to cancer invasion, produces a rich reservoir of pro- inflammatory cytokines including IL-6. This may be carried to the tumor microenvironment by mast cells, which are recruited along with other infiltrating inflammatory cells to halt tumor growth. Tissue remodeling occurs in the formation of fibrous tissue, where mast cells may participate through the secretion of matrix metalloproteinase 1 (MMP-1) and a disintegrin and metalloproteinases (ADAMs)-9, -10 and -17 [49] . However cancer subverts these responses and mast cell IL-6 may promote proliferation of fibroblasts, which in turn secrete IL-6 as a positive feed-forward mechanism to reinforce mast cell numbers. Stromal fibroblasts, via an afferent pathway, may secrete IL-6 that then acts on the tumor to promote growth and invasion via EMT, with the acquisition of autocrine IL-6 expression to reinforce this neoplastic change. IL-6 secretion from the tumor (efferent pathway) may then act on benign inflammatory-associated fibroblasts to transform them into myofibroblasts which then feedback to enhance tumor growth. Actemra (tocilizumab) is an anti IL-6R antibody and has been approved by the FDA for the treatment of rheumatoid arthritis [50, 51] with potential efficacy in the rare Castleman's disease, Crohn's disease and bipolar disorder [52, 53] . IL-6 antagonism may potentially be successful in the treatment of cancer, and a fully humanized anti-IL-6 antibody (1339 Mab, GlaxoSmithKline, Boronia, Australia) inhibited the growth and invasion of multiple myeloma in a SCID-hu mouse model [54] . Given the central role of IL-6 in the vicious cycle of solid tumor growth, it is encouraging that phase I/II clinical trials are currently underway in the treatment of ovarian, pancreatic, colorectal, head and neck and lung cancer using a newly developed IL-6 antibody CNTO 328 (Centocor, NCT00841191) and positive reports are emerging for its use in metastatic renal cell and prostate cancer [55, 56] .
